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5Introduction
The aim of my project was to use intrinsic tryptophan fluorescence to monitor the
denaturation pathway of a protein, specifically the Mycobacterium tuberculosis enzyme Rv0045c.
The larger scientific goal and inspiration for this honors thesis was to use the amino acid residues
of a protein to map it's unfolding by thermal denaturation.
Rv0045c
Rv0045c is an esterase from Mycobacterium tuberculosis; the organism responsible for
the infection and disease tuberculosis!. The complete genome sequence! of M tuberculosis was
determined in 1998. It includes 4,000 genes; among them is Rv0045c, which was identified as a
possible dihydrolipoamide acetyl transferase". Rv0045c was later found to be a novel hydrolase
of the lipid metabolism cycle in the mycobacterium2 and to hydrolyze esters, like p-nitrophenyl
derivatives". Rv0045c is a member of the alpha/beta fold family; while it shares only little amino
acid sequence homology with other such hydro lases, the aforementioned characteristic catalytic
residues are preserved'. Itwas speculated from the crystal structure that the binding site includes
Gly90, Gln92, Leu155, Ile252, and Phe255; the active residues were identified as the catalytic
triade: Asp 178, Ser154, and His3093. These residues are highly conserved throughout the
alpha/beta fold hydrolase family' and thus may be important to the enzyme's activity. The
unique structure of Rv0045c offers the opportunity to utilize the enzyme as a drug target, perhaps
with an ester containing prodrug. These characteristics attracted the attention of biochemists to
the protein; however, only two papers'" have been published on Rv0045c detailing 1.) the initial
cloning and characterization as an esterase and 2.) the x-ray crystal structure, respectively.
6Denaturation
A new area of inquiry of this protein, Rv0045c, is the determination of unfolded
conformations. Denaturation, or unfolding, of proteins seldom occurs in one stage but instead
over a range of lower energy confonnations. Various agents of denaturation can be used to
unfold a protein, such as heat, pH, chelating metallic ions, and chaotropic agents. Thermal
stability describes the resistant properties of a protein in its native conformation to heat". Heat
affects the weak interactions constructing the tertiary structure of a protein, primarily hydrogen
bonds". A protein's confonnation remains intact until an abrupt loss of structure occurs over a
narrow range when the temperature is increased slowly; the midpoint of this range is called the
melting temperature, or T r-./ Thus, the TM value for a protein is a quantitative measurement of
when the native confonnation of a protein is disrupted. The TM value could also be defined as
the point where the concentration of folded and unfolded proteins is equal.'.
Determining Denaturation
Some methods for determining denaturation are UV CD (ultra violet circular dichroism
spectroscopy) and differential scanning fluorimetry. UV CD spectroscopy utilizes circular
polarized light to observe signature absorbances of optically active molecules
4
. Far UV CD is the
wavelength range that observes secondary structures of proteins like alpha helices and beta
sheets. Near UV CD offers infonnation about tertiary structure; however, the spectra cannot be
assigned to any specific 3D structure like far UV CD4. In general, CD spectra are monitored with
changing concentration of detergents, pH, or temperature and used to determine the unfolding
pathway of a protein.
Another method for determining the thermal stability of a protein is Differential Scanninzo
Fluorimetry' (DSF). DifIerential scanning fluorimetry (DSF) is a newer high throughput
7technique used to monitor thermal unfolding of proteins in the presence of a fluorescent dye '.
DSF traditionally utilizes a dye (commercially available) that binds to the exposed hydrophobic
parts of proteins and whose fluorescence is dependent on the hydrophobic environment. The
fluorescence emission can be correlated to denaturation of the protein (more interior hydrophobic
pockets open for binding -7 protein is being unfolded). By using a real-time PCl; instrument,
measurements can be taken over a matter of hours at discrete temperatures to generate a thermal
denaturation temperature curves. The first derivative of the plot of fluorescence versus
temperature can be then used to find the midpoint of the curve, or TM values. Appropriate dyes
for DSF include any dye that is highly fluorescent in a non-polar environments. SYPRO orange
is a very popular dye because of its high signal-to-noise ratio and high wavelength of excitation,
500nms. This wavelength decreases the likelihood that anything would interfere with the optical
properties of the dye.
Tryptophan Flllore.",·cence
To avoid the introduction of an external dye, internal tryptophan fluorescence can be used
as the primary indicator of denaturation. Tryptophan, one of the 20 naturally OCCUlTingamino
acid residues, has the ability to f1uoresce 4. The amino acid tryptophan (figure I) is the most
fluorescent naturally occurring residue; phenylalanine and tyrosine are also weak fluorophores
under UV excitation wavelengths6. These residues all contain versions of aromatic rings, which
have fluorescence potential. Tryptophan's indole ring makes its fluorescence environmentally
sensitive. Environmental sensitivity of tryptophan fluorescence can be seen as a blue shift, the
emission spectrum being less than the expected 340 nm, when the tryptophan is located in less
polar than water environments, like the interior of a folded protein
7
. The most extreme blue
shifts have been correlated with increasing nonpolar and densely packed environments
7
.
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Figure 1. Tryptophan structure
When a fluorescent molecule absorbs energy, it reaches an excited state and then it must
release that energy. That release occurs in one of two ways: first, it can fluoresce by emitting a
photon of a slightly longer wavelength (lower energy); or secondly, it could participate in
nonradiative fluorescence resonance energy transfer (FRET)4,8,9,lo.In FRET, the excited
molecule (called the donor) passes energy directly to a nearby molecule (the acceptor) without
emission of a photon, exciting the acceptor; the acceptor can now decay to its ground state by
fluorescence4,8,9,lo. The acceptor's emission has a longer wavelength than both the original
.. . .. ftl d 48910excitmg light and the emISSIOn0 .ie onor ' " .
The probability of resonant energy transfer is strongly distance dependent between the
donor and acceptor. This relationship allows FRET to act as a spectroscopic ruler, between the
distances of 10-100nmlO. The efficiency of FRET is inversely proportional to the sixth power of
the distance between the donor and acceptor4,8,9,10.This makes FRET an excellent tool for
studying biological molecules because it can be observed in cells as well as in DNA, RNA, or
proteins in solution 10.
9Because of the close range between the absorbance and emission energies, tryptophans
have the ability to quench the fluorescence of another nearby tryptophan. Quenching means a
second tryptophan will absorb the emission from the first tryptophan, decreasing the total
fluorescence. Quenching is a spatial relationship, which allows conclusions to be drawn on the
distance between pairs oftryptophans based on the changing fluorescence signal". Normally, the
position of amino acid residues within a protein remains relatively fixed in 3D space due to the
rigid, covalently bonded backbone, hydrogen bonding, and other forces; however, during
denaturation the tertiary structure is compromised and the spatial relationship between two
tryptophans can change. As such, quenching of tryptophan changes and the level of quenching
can be measured by fluorescence. If the pairs move closer together, more quenching is observed
and vice versa.
Using Intrinsic Tryptophan Fluorescence in Uv0045c
Rv0045c has six tryptophan residues, arranged in internal pairs (figure 2). The
fluorescence signal from the tryptophans in Rv0045c is complicated by its multiple tryptophans
absorbing, emitting, and quenching their fluorescence. To simplify the fluorescence signal of
Rv0045c, multiple tryptophans were knocked out combinatorially by site directed mutagenesis
with replacement by phenylalanine using standard molecular biology procedures. The goal of
this project is to use the intrinsic tryptophan fluorescence of Rv0045c mutants as a model for
following the wild type's thermal denaturation states.
10
Figure 2. Rv0045c (cartoon) with violet Tryptophan Residues in Stick Form
Rv0045c in cartoon form (pymol software) from Crystal Structure". Active site, shown as blue surface.
To use a quadmple tryptophan mutant of Rv0045c to observe the wild type's
denaturation pathway, the folded structure of Rv0045c needed to remain intact after multiple
tryptophan substitutions. Before any intrinsic t1uorescence studies were performed, enzymatic
assays as well as folding assays were perfonned to confirm that the tryptophan mutants
maintained similar properties to wild type Rv0045c. To ensure the protein was mostly folded,
DSF was used to detennine TM values before kinetics were performed at room temperature. A
fluorogenic ester substrate was used to measure enzymatic activity using classical Michaelis
Menten Kinetics. The esterase Rv0045c hydrolyzed the synthetic ester bonds and released the
fluorescein molecule, donated by Lavis Labs Janelia Farms (Figure 3)11. This allowed enzymatic
measurements to be derived from the appearance of fluorescent product (fluorescein) measured
by a fluorimeter. The results will be interpreted and enzymatic values compared to those of the
wild type. Single mutant variants of Rv0045c with similar kinetics to wild type will be
11
preferentially used for further mutagenesis into double mutants. This process will continue
sequentially to find the most catalytically viable variants for the quadruple mutant.
+
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Figure 3. Rv0045c catalyzed hydrolysis of FDMOAME.
The enzyme Rv0045c can hydrolyze the ester bond within the fluorogenic substrate FDMOAME,
releasing a hemiacetal product. This product will quickly hydrolyze into fluorescein.
12
Methods
Site Directed Mutagenesis and Gel Electrophoresis
Mutants of the protein Rv0045c were created using site-directed mutagenesis polymerase
chain reaction (PCR). The Quikchange kitl2 was used to create the desired mutations: W78F,
W98F, W122F, W246F, W248F, W263F, WI22_246F, W246_248F, W246_263F, and
W246_248_263F (Table 1). To Rv0045c DNA template (2 ~lLof 50 ng/ul.), lOX reaction buffer
(5~L), 125ng/~L custom oligonucleotide primer 1 (forward) (1 ~L), 125nghlL custom
oligonucleotide primer 2 (reverse) (1 ul.), 10mM dNTP mix (1 ~L), ddH20 (39 ul.), and Pfu
Turbo DNA Polymerase (1 ~L) were added; each mutant used its own respective primers 1 and 2.
The template Rv0045c was generously donated in a pET28 plasmid': 3. A solution was made
lacking the Pfu Turbo DNA Polymerase to act as a negative control.
To the PCR products, DpnI (1 ul. )was added. The resulting mixtures were incubated at
370C for 1 hour. This experiment utilized DpnI, because it is specific for methylated and
hemimethylated DNA 12; this endonuclease targeted the parental DNA for digestion, selectively
leaving mutated DNA in the product mixture.
To observe if the mutagenic PCR was successful, standard Agarose gel electrophoresis
procedure was used. To aliquots (10~lL) ofPCR product, 1% Agarose gel loading dye solution
(5~L) were added; the tubes were spun. The gel was loaded with of each sample (12 ~LL)and of 1
kb DNA ladder (6 ul.). The gel was made with 1.5g Agarose dissolved in 100mL ofTBE (tris
boronic acid EDT A). The mixture was heated to boiling then poured. The gels were run at 100V
for 45 minutes in Tris/ Acetic Acid/ EDTA buffer. The gels were stained with ethidium bromide ,
rinsed, and visualized using UV trans illumination (Appendix A).
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Oligonucleotide primers were created by Integrated DNA Technologies, Inc.
Table 1. Oligonucleotide Primers for peR.
Target Oligonucleotide Primer Sequence
Template Annealing (OC)
Mutant
W78F Reverse: 5' CGC AGA GCC GCC AAA GCG CAG
Rv0045c 56
CGC CAG CGC GCT GAT GG 3'
Forward: 5' CCA TCA GCG CGC TGC GCT TTG
GCG GCT CTG CG 3'
W98F Reverse: 5' CGA CGA TCA CGG TGT CGA AGG
Rv0045c 56
TAT GGG CGT TCT G 3'
Forward: 5' CAG AAC GCC CAT ACC TTC GAC
ACC GTG ATC GTC G 3'
W122F Reverse: 5' CGT CCT CCC GGA AAG CGG AAT
Rv0045c 56
GGC CGT GCC 3'
Forward: 5' GGC ACG GCC ATT CCG CTT TCC
GGG AGG ACG 3'
W246F Reverse: 5' CGT CAT AGC GCC ACA CGA AGT
Rv0045c 56
TGC CGT TGT CCA G 3'
Forward: 5' CTG GAC AAC GGC AAC TTC GTG
TGG CGC TAT GAC G 3
W248F Reverse: 5' GCG TCA TAG CGG AAC AAC CAG
Rv0045c 56
TTG CCG TTG TTC A 3'
Forward: 5' TGG ACA ACG GCA ACT GGG TGT
TCC GCT ATG ACG C 3'
W263F Reverse: 5' GGC GTC GAC GTC GTC AAA GAG
Rv0045c 56
CCC TGC GAA ATC TCC G 3'
Forward: 5' CGG AGA TTT CGC AGG GCT CTT
TGA CGA CGT CGA CGC C 3'
WI22 Reverse: 5' CGT CCT CCC GGA AAG CGG AAT
W246F 56
-
246F GGC CGT GCC 3'
Forward: 5' GGC ACG GCC ATT CCG CTT TCC
GGG AGG ACG 3'
W246 Reverse: 5' CGT CAT AGC GGA ACA CGA AGT
W246F 60
- TGC CGT TGT CCA G 3'248F
Forward: 5' CTG GAC AAC GGC AAC TTC GTG
TTC CGC TAT GAC G 3'
W246 Reverse: 5' GGC GTC GAC GTC GTC AAA GAG
W246 24 60
248 26 CCC TGC GAA ATC TCC G 3'
8F
3F Forward: 5' CGG AGA TTT CGC AGG GCT CTT
TGA CGA CGT CGA CGC C 3'
W246 Reverse: 5' GGC GTC GAC GTC GTC AAA GAG
W246F 60
-
263F CCC TGC GAA ATC TCC G 3'
Forward: 5' CGG AGA TTT CGC AGG GCT CTT
TGA CGA CGT CGA CGC C 3'
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Bacterial Transformation into Dfl5a
DH5a E. cali13 were used to uptake the pET-28 Vectors (kan resistant) plasmid
containing the mutated Rv0045c coding sequence. The kan gene gives bacteria resistance to the
antibiotic kanamycin, elimination of non-transfonned bacteria can be accomplished by the
addition of kanamycin. To QC PCR product (luul.), DH5 a E.cali (200 ul.) were added and held
on ice for 15 min. The transformation mixture was then incubated for 40 s in a 42°C water bath,
then put back on ice for 5 min. The reaction was the recovered using ofLB media (1 mL) and
placed in a shaker at 225 rpm at 37° C for 1 h. The samples were spun down and LB supernatant
was removed. Fresh LB media (100 ~L) were added to resuspend the pellets. Each suspension
was spread onto its own LB-kan plate and kept in an incubator over night at 37°C for colonies to
grow. After one week, the colonies were counted and plucked from each mutant. To each colony,
LB liquid growth media (3 mL) and 1000x kanamycin concentrated stock (3 ul.) were added and
the samples were incubated overnight in a 37°C shaker.
DNA Purification
To purify plasmid DNA from the overnight culture, the Miniprep Plasmid DNA
purification (IBl Scientific, Peosta, lA, USA, Cat. No. IB47170) protocol was followed. A few
changes were made to the procedurel4 including the following variations: in step one the pellets
were resuspended using a Vortexer and in step seven DNA was eluted using ddH20 (50 ul.) and
left standing for 3-5 min on the IBI column.
15
DNA Concentration
The concentration of the resultant mutants was measured using UV spectroscopy"
(Appendix C). Spectroscopic measurements were made using a Synergy HI Hybrid Reader.
Samples were automatically blanked on water, using a microplate.
Sequence Determination
Sequencing of samples was performed by an extemal lab: GeneWiz, Inc. Minimum
concentration required for sequencing was 10ug/ml. The freeware program BioEdit was used to
compare the sequences of the mutants to the wild type Rv0045c protein for the desired point
mutations.
Protein Overexpressian and Purification
Rv0045c protein variants were overexpressed in E. coli as an N-terminaI6xHis-tag
fusion using a bacterial expression plasmid (pET28a) containing the Rv0045c gene from M
tuberculosis between the BamHI and XhoI restriction sites as previously described'. This
bacterial plasmid (pET28-Rv0045c) was transformed into E. coli BL21 (DE3) RIPL cells
l6
(Agilent, La Jolla, CA) using an analogous procedure to the DH5a transformation. A saturated
overnight culture of E. coli BL21 (DE3) RIPL (pET28-Rv0045c) in LB media containing
kanamycin (40 ~tg/mL) and chloramphenicol (30 ~lg/mL) was used to inoculate LB-media (250
mL) containing kanamycin (40 ~tg/mL) and chloramphenicol (30 ug/ml.) and the bacterial
culture was grown with constant shaking (225 rpm) at 37°C. When the 00600 reached 0.6 - 0.8,
the temperature of the culture was decreased to 16 °C and isopropyl ~-O-l-thiogalactopyranoside
(IPTG) was added to a final concentration of 1.0 mM. Protein induction proceeded overnight
(~16-20 hours) at 160C. Bacterial cultures were collected by centrifugation at 6,000 x g for
10 min at 40C. The bacterial cell pellet was resuspended in PBS (5 mL) and stored at -20°C.
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To disrupt the bacterial cell wall, lysozyme (50 mg; Sigma-Aldrich) and lOX Bug Buster
solution (700 ul.; EMD Millipore) were added to the thawed cell pellet; cell lysis proceeded on
an orbital shaker for 1 hat 4°C. To remove insoluble cell material, lysed cells were centrifuged
at 10,000 x g for 10 min at 4°C. Ni-NTA agarose (600 ul.; Qiagen, Valencia, CA) was added to
the soluble fraction and allowed to incubate at 4°C for 2-4 h. The resin was washed three times
with PBS containing increasing concentrations of ice-cold imidazole (20 ml. each of PBS
containing 10 mM imidazole, 25 mM imidazole, or 50 mM imidazole) and recollected by
centrifugation at 2000 x g for 2 min at 4°C. Rv0045c variants were eluted in PBS containing
250 mM imidazole (2 mL) and dialyzed (10K MWCO; Pierce, Rockford, IL) against PBS
overnight at 4 °C with constant stirring.
Concentration and Purity of Rv0045c Variants
The purity of Rv0045c variants were confirmed by SDS-P AGE on a 4-20% gradient gel
(Novex-LifeTechnologies) visualized with colloidal Coomassie brilliant blue (Appendix B). The
concentration of Rv0045c was determined by measuring the absorbance at 280 nm and
converting to molarity units with the respective extinction coefficients: £280 = 30480 M-
1
cm-
I
for single mutants, £280 = 24980 M-1 cm-I for double mutants, and £280 = 19480 M-
1
cm-
I
for
triple mutants (Appendix C). The significant changes in the extinction coefficients are expected,
because tryptophan residues are some of the biggest absorbers in the protein and removing them
lowers the extinction coefficient. Extinction coefficients were calculated from the theoretical
amino acid sequence using the ProtParam online proteomics on the ExPASy web site
(http://web.expasy.org/protparam).
Differential Scanning Fluorimetry Thermal Stabiii(y Assay
Samples were diluted to a concentration of 0.3 mg/mL in PBS with 0.002X Sypro Orange
(I u.L) (Invitrogen, Burlington, ON, Canada, Cat. No. S-6650). Three replicates were completed
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for each mutant. The plate was read in the Bio-rad C1000 Thennocycler with CFX96 Real-time
System. The samples were heated from 15°C to 80 0 C at a rate of 1 °C/min. Data was analyzed
using Bio- Rad CFX Manager software.
Enzyme Kinetics
Mutants were diluted to 150 ug/ml. in phosphate buffered saline containing 0.1 mg/mL
acetylated bovine serum albumin (PBS+BSA). Initially in a PCR plate, the top seven wells (A-G)
in columns 1-10, disregarding 7, contained 120~L of PBS+BSA. The bottom row (wells H) in
those nine columns were filled with PBS+BSA (178 ~lL)and lOmM fluorogenic substrate (l.8~lL)
(FDMOAME). A substrate dilution series was set up in eight wells of nine columns of a PCR
plate, decreasing by 1/3 from well H to well A. The dilution series was made by adding 60~L of
well H to well G, and subsequently up the column to well A. To a black assay plate, the samples
(95~L) were moved from the PCR wells to the corresponding black assay plate wells. A
fluorescein standard was made in column 7 by adding 300 nM fluorescein solution (240~lL) to
well H, PBS+BSA buffer (120~lL) in wells A-G, transferring half from well H to well G, and
subsequently up the column to well A. To columns 1-3,4-6, and 8-10, various enzyme dilutions
(5~lL) were added. Substrate concentrations ranged from 100 ~lMto 0.0457.
The micro plate was analyzed on a Synergy HI Hybrid Reader. Fluorescence data were
collected at an excitation of 485nm and emission of 520nm for 5 min, at an interval of 15s. The
relative fluorescence data for each well at each time interval was exported to Microsoft Excel.
Column 7 with the known concentration of the fluorescein standard was used to create a best fit
line correlating fluorescence units with concentration. The best tit line equation was used on the
raw fluorescence data of the other wells to find corresponding product concentrations at each
time point. The slope was then taken of the product concentration against time interval (in
18
seconds) to calculate the initial velocities of the enzyme catalyzed reaction. For each triplicate,
the velocities for each concentration of substrate were averaged. The average initial velocity and
substrate concentration were fitted to the Michaelis-Menten equation using Origin 6.1 software.
From the fitting of this equation, the KM and Vmax values were calculated. Using these values in
Excel, the ~nax value was divided by enzyme concentration to determine the k.«. KM and kcat
values that are reported for each enzyme variant.
Thermal stability by IF
Intrinsic fluorescence was monitored over 28 reads in the Synergy HI hybrid reader,
from room temperature to ~60°C, collecting every degree up to 45°C and every three degrees
from 45- 600C. A triplicate of enzyme samples were (15ng) each dissolved in IX PBS buffer,
along with a blank as a control were loaded into the 96 well black assay plate along with (lOO~lL;
wells D6, D7, E6, and E7). Starting at room temperature, the fluorescence measurement was
taken at excitation 280mTI,emission 340nm. Data recorded included maximum emission
wavelength and maximum relative fluorescence. After 45°C, the Synergy instrument ejected the
plate and it was placed in the Thermal Protein Denaturationator 2000, gen 3 (figure 4), and
heated for 90 seconds up to 47°C. The plate was inserted back into the Synergy instrument which
prompted the instnllnent to take another read. This procedure was repeated five more times at
increasing temperatures (varied upon trial).
Individual run data, including emission wavelength, maximum fluorescence absorbance,
and temperature were exported to Excel. The fourth well (E7) consisting of only solvent was
used to correct background fluorescence. The average of the triplicates corrected for background
fluorescence was calculated. Relative fluorescence units were plotted against temperature in
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Origin 6.1 software. The data was fit to a single sigmoidal curve (Appendix E). Best fit lines
were used to approximate Trvt's.
Figure 4. Intrinsic Fluorescence Method
Shown far left is the variometer which controls the amount of current passing to heating mantel inside
Styrofoam oven. Far right is Synergy H 1Hybrid reader. The oven is composed of a heating mantel in the
bottom with a tin foil shelf resting approximately 4 inches above it. The samples in a black well 96 well
assay plate rest on the tin foil shelf. The samples are inserted and removed through the door carved into
the front. A thermometer is pushed through the styrofoam top, the end resting approximately linch
above the sample wells.
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Results and Discussion
The goal of this project was to use the intrinsic tryptophan fluorescence of Rv0045c
mutants as a model for following the protein's thermal denaturation states. The observe the
folding pathway of Rv045c by intrinsic tryptophan fluorescence, the folded structure of Rv0045c
needed to remain intact after multiple tryptophan substitutions. To begin to prepare the necessary
quadruple tryptohan mutant for IF studies, preliminary folding stability and kinetic analysis were
performed on all six single tryptophan to phenylalanine mutants.
Successful preparation of single tryptophan mutants: W78F, ~V98f~ ~V122F, ~V246F,
W248F, and W263F. 1 234567 8
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Figure 5. SDS PAGE of single mutants
The 4-20% Agarose gels were run at 150V for two hours in IX Tris Glycine buffer. Itwas visualized
using SimplyBlue A. SDS PAGE Analysis of Rv0045c Mutants. Lane 1: W98F flow-through. Lane 2:
W122F now-through. Lane 3: W246F now-through. Lane 4: W248F flow-through. Lane 5: Wl22F
second wash. Lane 6: W98F pure. Lane 7: Wl22F pure. Lane 8: W246F pure. Lane 9: W248F pure. Lane
10: Benchmark Protein Ladder. B. SDS PAGE purification: Lane 1: MW marker. Lane 2: Wash one of
W78F. Lane 3: Wash three ofW78F. Lane 4: Pure W78F. Lane 5: Wash one ofW263F. Lane 6: wash
three ofW263F. Lane 7: pure W263F. Lane 8: Pure WI 22_W246F.
The preparation of all single mutant plasmids, W78F, W98F, W122F, W246F, W248F,
and W263F, was confirmed first in ethidium bromide gel staining which indicates the success of
the peR reaction (Appendix A). The successful preparation of mutations was confirmed by DNA
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sequencing, performed by an external source: GeneWiz Inc. The protein overexpression and
purification was confirmed by SDS PAGE (figure 5). In gel A, lanes 6, 7, 8, and 9 respectively
show the relative purity of variants W98F, W122F, W246F, and W248F. The major bands are
large and near the expected size, 36 kD, with lighter bands associated with other protein
impurities. Similarly, the purity of variants W78F and W263F is shown by lanes 4 and 7 of gel B.
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Figure 6. Folding Stability of Single Mutants
The folding stability was determined by Differential Scanning Fluorimetry using the dye SYPRO orange.
Melt curves and first derivatives shown in Appendix D.
The folding stability of the proteins was important for determining suitability for the
kinetic assays. The enzyme variants were all found to be stable at room temperature, 25°C,
similar to wild type (Figure 6). The mutations do however destabilize the folded stability of
Rv0045c. Each of the single mutants have a lowered TMcompared to wild type, but are
completely folded at 25°C. W263F is the most destabilizing mutation. In the crystal structure of
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Rv0045c (figure 7), W263F is located in an alpha helical section ofRv0045c. Mutations within
the helix are likely destabilizing to the enzyme. Because the Rv0045c variants were
conformationally stable at room temperature, Michaelis-Menten kinetics could be performed for
all single mutants at 25°C.
Figure 7. Rv0045c variant W263F (cartoon)
Cartoon depiction of Rv0045c, active site shown in blue, tryptophans in violet. Left showing native
sequence W263. Right showing Pymol modeled mutation W263F.
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Figure 8. Michaelis-Menten Curves of Successful Single Mutants
Average velocity versus substrate concentration fit to Michaelis-Menten equation in Origin 6.1. V;nax and
KM values reported from the equation fitting. A. W248F. B. W122F. C. W246F. D. W263F.
Table 2. Michaelis-Menten Values of Successful Single Mutants
Mutant kcat(lIs) kcat error KM (~lM) KM error kca/KM (M=lS-I)
W248F 0.001697 8.04E-06 2.556 0.4716 664
W122F 0.001936 9.18E-06 5.32 0.79136 363
W246F 0.002625 1.24E-05 3.318 0.015725 791
W263F 0.00515 2.44E-05 6.31 1.347 816
Wild Type* 0.011142 0.00062 2.595 0.63631 4292.976
"Provided by J. Lukowski.
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The mutants W122F, W246F, W248F, and W263F, exhibited Michaelis-Menten like
kinetics (figure 8). Their kinetic characteristics were observed using substrate FDMOAME
(figure 3). The resultant calculated values for turnover, kcat were within 10 fold of wild type
(table 2). The tightness of binding, KM, values were also within 2 fold to wild type (table 2).
These single mutants were considered to be similar to wild type by these values and catalytic
efficiency, kcatl KM (Table 2). Because of this similarity in catalytic efficiency, these four mutants
were determined viable for further mutagenesis. The DNA of these single Rv0045c variants was
then used as the basis for another round of site directed mutagenesis to combine tryptophan
mutations.
Two mutants, W78F and W98F, are not viable for further mutagenesis.
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The folding stability was determined by Differenti~~lScanning Fluorimetry using the dye SYPRO orange.
Melt Curves and first derivatives shown in AppendIx D.
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Average velocity versus substrate concentration fit to Michaelis-Menten equation in Origin 6.1. Villax and
KMvalues reported from the equation fitting. A. W98F. B. W78F.
Table 3. Michaelis-Menten Values of W78F and W98F
Mutant keen(lis) kcat error KM(11M) KMerror kca/KM(M-Is-
I)
W78F 0.000223 1.06E-06 3.1 0.422 61
W98F 0.001742 8.26E-06 17.9 9.182 97.49
Wild Type" 0.011142 0.00062 2.595 0.63631 4292.976
*Provided by J. Lukowski
The tryptophan mutants W78F and W98F were stable at room temperature, like the other
four single mutants (Figure 9). As expected, the mutations were destabilizing to the enzyme.
Interestingly, they did seem to fold properly despite having very low catalytic activity compared
to wild type. Only variant W78F exhibited Michaelis-Menten like kinetics; however, not to a
desirable efficiency (figure 10). The catalytic efficiency, described as kcatlKNh for W78F, was at
least 10-fold lower than wild type and determined to be unviable for further mutagenesis (table
3).
Variant W98F did not exhibit Michaelis-Menten like kinetics. The fit in plot A of figure 9
reveals the R2 for the hyperbolic tit is only 0.756. Realistically the values generated from this
curve fit are not usable and do not reflect the activity of the enzyme. Because of this, W98F was
determined to not be viable for further mutagenesis.
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In light of this unviability, W78 and W98 were chosen as the two tryptophans to remain
intact in the final quadruple mutant of Rv0045c. These two tryptophans would then serve as the
quenching pair to follow the unfolding of Rv0045c. The plan for the double mutants was to find
the most viable pairing with W246F. Because W246F was the most catalytically efficient in the
pairing W246 and W248, W246F was chosen to be at least one mutation of each in the double
mutants.
Creation ofstable double mutants WI22_246F, W246_248F, and W246_263F was
succes ..sful. Variant ~Jl246_248F is most viableforfurther mutagenesis.
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Figure 11. SDS PAGE of Double and Triple Mutants
SDS PAGEA-20% Tris Glycine gel run in tris glycine buffer at 150V for two hours. Lane I: MW marker.
Lane 2: W 122_246F. Lane 3: blank. Lane 4: W246_248F. Lane 5: W246_263F. Lane 6:
W246 248 263F.
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The preparation of three double mutant plasmids, W 122_246F, W246 248F, and
W246_263F, was confirmed first in ethidium bromide gel staining which indicates the success of
the PCR reaction (Appendix A). The successful mutation was confirmed by DNA sequencing,
performed by an external source: GeneWiz Inc. Overexpression and purification of double
Rv0045c mutants was confirmed by SOS PAGE analysis. As seen in lane 5 (Figure 11), a dark
band ofW246_263F Rv0045c was present around 36 kD. There are light bands around it
showing that it is not completely pure. Lane 2 shows a band present ofW122_246F with a light
band slightly below, associated some protein contaminant (an impurity left from the washes).
Lane 4 shows a clear band with no impurities, showing that W246_248F is pure .
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Figure 12. Folding Stability of Double Mutants.
The folding stability was determined by Differential Scanning Fluorimetry using the dye SYPRO orange.
W246 _263F was too impure for accurate melt curves. Melt curves and first derivatives shown in
Appendix D.
Differentially scanning fluorimetry of the double mutants showed that the variants are
still folding properly at room temperature (Figure 12). Compared to the single variants W l22F
and W246F with T!VI's of 39°C, the double mutant variant W 122_246F is only slightly
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destabilized. Similarly, the double mutant W246 _248F is still similar to its parent single variants
W246F and W248F with respective TM 's of 39°C and 40°C. Interestingly, the additional double
mutant is less if not just as destabilizing as a single mutation to Rv0045c. Mutant W246 _263 F
yielded no usable melt curves from DSF. The impurities, judging clean band from the SDS
PAGE gel, are most likely imidazole from the washes. This impurity drastically changes the melt
curve of the enzyme, rendering the curve nearly nat with no definite melt peak in the first
derivative graph.
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Figure 13. Michaelis- Menten Curves of Double mutants
Average velocity versus substrate concentration fit to Michaelis-Menten equation in Origin 6.1. VIl1<1X and
KM values reported from the equation fitting. A. W246_248F, B W246_263F, C WI22_246F.
Table 4. Michaelis-Menten Values of Double Mutants
Mutant kcat(l/s) kcat error KM (11M) KM error
kca/KM (M-ls·l)
W246 248F 0.00606 2.87299£-05 2.93 0.478
2068
W122 246F 0.00433 2.05£-05 7.95 1.228
544.5
Wild Type* 0.011142 0.00062 2.595 0.63631
4292.976
*Provided by J. Lukowski.
**W246_263F did not generate any usable values.
Kinetically, two of the double mutants still exhibit Michaelis-Menten like activity (Figure
13). Panel B shows a poor fitting curve ofW246_263F which does not exhibit Michaelis-Menten
kinetics. This may be attributed to impurities associated with W246_263F, or that truly this
mutation is detrimental to the activity of the enzyme. Considering that there was no usable melt
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curve from DSF, the protein was likely unfolded after its creation and that is why there is no
Michaelis-Menten like kinetics or folding stability.
Variants W122_246F and W246_248F mutants were as viable as the four single most
viable mutants W122F, W246F, W248F, and W263F according to the kca/KI'vI values. The double
mutant with the highest catalytic efficiency is W246 _248F (table 4). Because of this efficiency,
and the convenience of the pair FRET pair W246 and W248 being knocked out, this mutant was
chosen to be the platform for further mutagenesis. Interestingly, W246 _248F is more
catalytically efficient than any of the single mutants.
30
Successful creation of triple mutant: W246_248_263F.
The preparation of the triple mutant W246 _248 _263F was confirmed first in ethidium
bromide gel staining which indicates the success of the PCR reaction (Appendix A). The
successful mutation was confinned by DNA sequencing, performed by an external source:
GeneWiz Inc. Overexpression and purification of the triple mutant was confirmed by SDS PAGE
analysis (Figure 11). Lane 6 of the gel shows the expected size of the Rv0045c variant. The band
is not completely sharp, indicating impurities left from the wash.
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Figure 14. Folding Stability of Triple Mutant
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The folding stability was determined by Differential Scanning Fluorimetry using the dye SYPRO orange.
Melt curves and first derivatives shown in Appendix D.
The triple mutant was found to be properly folded at room temperature (Figure 14). This
is promising, as it shows that even three mutations on residues do not detrimentally alter
Rv0045c. It was expected, as the single and double mutants destabilized the enzyme, that three
mutations would be destabilizing as well. Comparably, W246 _248 _263F's TM is the same as
double mutant W246_248F (Figures 12 and 14). Seemingly, the additional third mutation did not
affect the stability of the protein as much as the initial two mutations. Based on this stability,
W246 _ 248 _ 263F could be a good candidate for further mutagenesis.
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Figure 15. Michaelis-Menten Curve of W246_248_263F
Average velocity versus substrate concentration fit to Michaelis-Menten equation in Origin 6.1. Vmax and
KM values reported from the equation fitting.
Table 5. Michaelis-Menten Values for W246_248_263F
Mutant k-« (lis) kent error KM(~lM)
KM error kea/KM (M-is-i)
I-W246 248 263F 0.000103128 2.139E-05
147.50122 27.788 0.699166841
Wild Type" 0.011142 0.00062 2.595
0.63631 4292.976
"Provided by J. Lukowski.
The triple mutant variant ofRv0045c, W246_248_263F, does not however exhibit well
behaved Michaelis-Menten like kinetics (Figure 15). Despite being folded at room temperature
like the other mutants created, the triple mutant was not stable enough to hydrolyze as efficiently
as wild type. Interestingly, the addition of a second mutation to the enzyme was just as
detrimental as the primary mutations; however, it seems the addition of a third mutation is not as
destabilizing in Rv0045c. Itmay be due to the location of these particular residues all being in
the same general area of the protein.
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The enzyme shows significantly less tightness of binding, the KM being 147 ~lM(table 5).
Itwas assumed that the location of the mutations would not interfere greatly with the active site,
being on the opposite side of the enzyme. The lower k-« value would indicate a much slower
turnover of the hydrolysis of the substrate into fluorescein product. The slow turnover of
substrate into product combined with the poor binding affinity makes this enzyme unviable for
further mutagenesis.
An investigation into the crystal structure revealed a possible steric hindrance in the triple
mutant Rv0045c variant. A neighboring residue of W248F, tyrosine 250 is modeled to be very
close to W248F (figure 16). Tryptophan 248 is at the end of a beta sheet as well. Because of the
different angles of the large tryptophan and phenylalanine residues, this beta sheet may be
compromised, because of steric interactions with its neighboring tyrosine Y250. It is important to
note that the view in a crystal structure is stagnant and equivocal to a snap shot. In the
biologically active form of the enzyme this steric hindrance may not be occurring.
Figure 16. Rv0045c (cartoon) close up of W248F and Y250
Cartoon depiction of Rv0045c, active site shown in blue, tryptophans in violet. Close up of W248F and
neigbboring tyrosine Y250.
Rv0045c variant W246_ 248_ 263F's lack of enzymatic activity prevents the further
mutagenesis of this particular Rv0045c variant. The experimental design is still viable with
different variants. A more stable triple mutation would most likely be W 122_246_ 248F. The
quadruple mutant target of W122_246_248_ 263F is not realistic, however, considering the
instability associated with W263F. The reevaluation of secondary structure agrees with the
redirection of the quadruple mutant target.
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Intrinsic Fluorescence ofRv0045c Variants is measurable.
To develop the intrinsic fluorescence method, the protocol described in the Materials and
Methods was performed on most of the mutants; the concerns about the integrity ofW246_263F
prevented the assay from being completed on this mutant. Intrinsic fluorescence for all mutants
remained in a similar range, with Wl22_246F being the only significant difference. All
sigmoidal curves were observed with emissions at 314nm and an overall decrease in
fluorescence. The general hypothesis that there would be an increase in quenching from
denaturation is supported by all IF assays. Variants followed either single phase or biphasic
denaturation curves; the former having only folded and unfolded states and the latter showing a
potential third unfolded state.
[F Thermal Assays of Single Mutant Rv0045c Variants W78F and W263F are single phased.
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Figure 17. IF Curve of W78F
TM value by best fit found to be 44°C. Excitation at 280nm and maximum fluorescent emissions at 314nm
were measured.
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Figure 18. IF Curve of W263F
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TM by best fit found to be 42°C. Excitation at 280nm and maximum fluorescent emissions at 314nm were
measured.
The variants W78F (figure 17) and W263F (figure 18) were well fitted to a single
sigmoidal curve, indicating the variants are undergoing one stage of denaturation. The TM values
reported accurately describe the data for both curves.
IF Thermal Assays of Single Mutant RvO()45c Variants W98F, W122F, W246F, and W248F arc
Potentially Biphasic.
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TM by best fit found to be 42°C. Excitation at 280nm and maximum fluorescent emissions at 3 14nm were
measured.
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TM by best fit found to be 44°C. Excitation at 280nm and maximum fluorescent emissions at 31411mwere
measured.
37
90000
IW248F Average PBS Corrected I
80000
....................
80000
W24ilFHelllSlilll!M4
AVlll!lguPElS C(lIHI<:llItl
6,13.13
T" 44.00943 10.95822
90000
g 70000
§e 60000
°:Ju::
Q.l 50000
.;,ro
~ 40000
B 70000
c:
Q)
ill
ill 60000o
:J
u::
Q) 50000."ro
~ 40000
...
30000 . .. 30000 . .
w ~ W ~ ® e ~ ~
Temperature ("C)
20000 +-~'-'---r~--'-~-'-~-'-~~~~
20 25 30 35 40 45 50 55
Temperature ('C)
Figure 22. IF Curve of W248F
TM by best fit found to be 44°C. Excitation at 280nm and maximum fluorescent emissions at 314nm were
measured.
The variants W98F, W122F, W246F, and W248F were fit to a single sigmoidal curve;
however, appears that there is a two stage process between folded and unfolded states (figures 19,
20,21,22). The second stage of denaturation is more clearly shown by a larger decrease in
overall fluorescence. The T!VIvalues generated by the best curve fit do not clearly describe the
first or second midpoints of any of these curves. More suitable T!VIvalues for the WI22F curve
are 340C and 440C (figure 20). The data representing variant W246F's denaturation appears to
have two stages centered at 36°C and 47°C (figure 21). It is difficult to assign a more appropriate
T!VIvalue for the first denaturation stage of variant W248F's curve because it is very gradual
(Figure 22). The second, more intense phase T!VIvalue would be 47°C (Figure 22).
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IF Thermal Assay of W246_248F Rv0045c Variant is Single Phased.
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Figure 23. IF Curve of W246_248F
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TM by best fit found to be 44°C. Excitation at 280nm and maximum fluorescent emissions at 314nm were
measured.
Variant W246_248F fit well to a single sigmoidal curve (figure 23). Unlike its parent
variants W246F and W248F, W246_248F did not exhibit a biphasic like denaturation curve. The
reported TM by IF accurately describes the midpoint of the data.
IF Thermal Assay of W122_246F Rv()045c Variant is Potentially Biphasic.
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Figure 24. IF Curve of W122_246F
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TM by best fit found to be 39°C. Excitation at 280nm and maximum fluorescent emissions at 31411mwere
measured.
Variant Wi22 246F was fit to a single stage sigmoidal curve, which does not best
describe its denaturation process (figure 24). Similar to its parent variants Wl22F and W246F,
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W122_246F exhibits a possible biphasic denaturation curve. The far left most points in figure 24
are not as flat as the other curves have exhibited. This may be indicative of the protein not being
completely folded at the beginning of the assay.
IF Thermal Assays Generate Different T~'IValues than DSF Thermal Assays
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Figure 25. Thermal Stability of Mutants by IF and DSF
The comparison ofTM's values obtained by IF and DSF reveal different trends relating
the stability of certain variants (figure 25). All Rv0045c variants have different TMvalues by the
different assays; however, there is no common difference between the methods. The two
variants that fit well to a single phase sigmoidal IF curve theoretically should correspond better
to the DSF melt curves because they are both single phased. However, this is not the case. W78F
and W263F have two different TMvalues fr0111both methods, and the deviation between those
methods is different as well. The difference between W78F's IF and DSF determined TMvalues
is 2.SoC; W263F's difference is nearly lOoC. Even acknowledging the associated error with DSF
(+1_ 1°C) and IF (+1_ 2°C) the difference for W263F is significant. The fitting to a single phased
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sigmoidal curve in the IF method does not necessarily correspond to the DSF determined TM
value, which supports that IF is monitoring a different unfolded state than DSF. DSF correlates
to the hydrophobic pockets of a protein, while IF is monitoring the quenching interactions
between fluorescent residues. Alone, neither IF or DSF provides the entire picture. The only
common trend between the DSF and IF data series is that variant W122_246F was the least
thermally stable enzyme.
Variant W122_246F displaying Tryptopl111n-Tyrosine Interactions.
The IF signal for WI22_246F was hypothesized to be different from the DSF signal
because the FRET pair W246_248F would be knocked out. The phenylalanine in place of W246
would not quench W248 (Figure 26). Similarly, the mutation at W 122 would only remove a
fluorescing group, making the overall fluorescence come from four other tryptophans. These
hypotheses were based on the assumption that only Tryptophan- Tryptophan interactions were
occurring.
Figure 26. Rv0045c (cartoon) Close up of W246 and W248
Cartoon depiction of Rv0045c, active site shown in blue, tryptophans in violet. A. both tryptophans are
shown. B. W246 has been mutated to W246F.
Tryptophan- Tryptophan interactions are possible; however, the emissions recorded were
not in the expected range (Appendix E). The observed emission, 314n111,is almost consistent
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with the reported blue shift (wavelength less than 340nm) observed when tryptophans are in a
hydrophobic environment'; however 314nm is much lower than the experimentally observed
blue shift around 325nm.
Based on this data, the assumption that tryptophan fluorescence was being monitored is
potentially incorrect and instead another fluorescent moiety of Rv0045c is being observed.
Tyrosine has a similar range of absorption and emission wavelengths and is capable of FRET
(figures 27 and 28). However, 314nm is not indicative of any of the perfect Trp- Trp or Tyr- Trp
scenarios. Tryptophan exciting tyrosine in a FRET phenomenon would have a resultant
fluorescence around 310nm, much closer to the experimentally observed 314nm (Figure 27).
There are two tyrosines in Rv0045c that are in close proximity with tryptophans: Y250 and Y 128.
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Figure 27. Simulated FRET, Trp exciting Tyr
The resulting fluorescence is the top curve in the graph, peaking around 31011111 17. 18.
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Figure 28. Simulated FRET, Tyr exciting Trp
This graph shows a tyrosine residue's emission exciting a tryptophan; the resulting fluorescence is shown
by the top curve peaking around 360nm 17,18.
The W122 246F was meant to knock out the W246 W248 pair and this was successful'_ ,
however, according to the crystal structure W248 is also likely to be interacting with Y250
(figure 29), which is only 4.6 angstroms apart, and is still quenched by a different partner. A
tyrosine-tryptophan pair was also eliminated in W122_246F accidently (panel C). Wl22 is near
Y128, only 5.6 angstroms apart (figure 29). In the W122_246F mutant, this trp-tyr relationship
was eliminated as can be seen in panel D.
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Figure 29. Rv0045c (mesh) Close up of Tyrosine and Tryptophan Pairs
Tyrosines are depicted in green, tryptophans in violet, and (mutated) phenylalanine residues in white. A.
Close up ofWI22 and Y128. Measured to be 5.6 A apart. B. Close up ofW122F and YI28. C. Close up
ofW248 and Y250. Measured to be 4.6 A apart. D. Close up ofW246F, W248 and Y250.
The goal of using intrinsic fluorescence to create a simple description of the denaturation
pathway of Rv0045c was not completely thwarted, but derailed, by the realization of these
interactions with tyrosine. Fluorescence may not provide a simple, clear picture of the unfolding;
however, the target mutations can still be evaluated to determine the future viability of this
method.
Conclusion
Overall the mutagenesis, transformation, and purification of these desired enzymes were
nearly successful. Intrinsic fluorescence, as a methodology, was vetted by these experiments and
proven possible with Rv0045c. The actual desired enzyme, a quadruple mutant was out of reach
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and unfeasible with the current experimental design. The loss of catalytic activity in
W246_248_263F prevents further mutagenesis into the quadruple mutant W122 246_248_263F
(figure 30). Without enzymatic activity, the possibility of using the quadruple mutant as a model
for the denaturation of Rv0045c is significantly lessened. Any further work utilizing this
methodology requires a different approach to manipulating the fluorescent amino acid residues.
Figure 30. Proposed quadruple Rv0045c variant (cartoon)
Cartoon depiction of Rv0045c, active site shown in blue, tryptophans in violet. A. Proposed quadruple
mutant W122_246_248_263F. B. Close up of FRET pair W78 and W98F in proposed quadruple mutant.
Future Work
One remaining question concerning the IF thermal assay is: why were all of the emissions
at 314 nm? To determine whether it was in fact tyrosine-tryptophan interactions of the blue shift
of tryptophans, mutagenesis of tyrosine should be considered. If one of the tyrosines was to be
mutated to phenylalanine and the intrinsic fluorescence assay repeated, it could explain the
emission wavelength. If truly tyrosine-tryptophan interactions are occurring, the wavelength of
the emission would no longer be 314nm. If the resultant emission is sti1l314nm, it indicates that
the tryptophan's f1uorescence emission is being shifted by its environment.
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APPENDICES
Appendix A: PCR gels
Supplemental Figure 1.1 W78F and W263F peR gel: Lane 1: MW marker. Lane 2: W78F one. Lane 3:
W78F two. Lane 5: W263F one. Lane 6: W263F two. Lane 7: negative control. Lane 8: positive control.
Note* Bacterial transformation was performed using the digested peR products of lane 2 and 5.
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Supplemental Figure 1.2. Double Mutants peR. Lane 1: MW marker. Lane 2: W122F+ W246F. Lane 3:
W122F + W246F. Lane 5: W246F+ W248F. Lane 6: W246+ W248F.Lane 7: W246F + W248F. Lane 9:
negative control. Lane 10: Positive control. The Agarose gel was run in TBE buffer at 100V for 45 minutes.
Note* Lane 7 has extra bands of unreacted oligos (I think) so it was thrown out.
Note** Bacterial transformation was performed with the digested peR products of lane 2 and lane 5.
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Supplemental Figure 1.3 W246_248F peR: Lane 1: MW marker. Lane 2: W246F+W248F A. Lane 3:
W246F+W248F. Lane 5: Negative Control. Lane 6: Positive Control.
Note* Bacterial transformation was performed using the digested PCRproducts from lane 2.
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Supplemental Figure 1.4 W78_263F and W246_263F PCRgel I: Lane 1: W78_246F A. Lane 2: W78_246F
B. Lane 3: W246_263F A. Lane 4: W246_263F B. Ran for 45 minutes at 100V.
Supplemental Figure 1.5 W246_248 PCRGel. Lane A= W246_248F l.Lane B= W78_246F 2. Lane C=
W78_246F 3. Run at 100V for 45 minutes.
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Supplemental Figure 1.6 Triples peR Gel. Lane 1: MW marker. A= W246_248F 1. B= W246_248F 2.
C=W122_246_248F 1. 0= W122_246_248F 2. E=Wl22_246_263F 1. F=W122_246_263F 2. G=
W78 246 248F 1. H= W78 246 248F 2. 1=W122_245_263F 1. J= W122 246 263F 2.
- - - - - -
K=W246_248_263F 1. L=W246_248_263F 2. The gel was run in TBE buffer at 100x for 45 minutes.
-
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Supplemental Figure 1.7 Double PCRgel. Lane 1: MW marker. Lane 2: A (W78_122F). Lane 3: B
(W78_263F). Lane 4:C (W122_78F). Lane 5: 0 (W122_263F) .Lane 6: E(W246_78F}. Lane7: F(W248_78F}.
Lane 8: G(W248_122F}. Lane 9: H(W248_263F}. Lane 10: "I"( W122_246_263}. Lane 11: "Al"
( W78_246F). The 1.5% agarose gel was run in 1X TBE buffer at 120V until completion. It was visualized
in EtBr.
Appendix B: SDS PAGE
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Supplemental Figure 2.1 SOSPAGEAnalysis of single Rv0045c Mutants. Lane 1: W98F flowthrough.
Lane 2: W122F flowthrough. Lane 3: W246F flowthrough. Lane 4: W248F flowthrough. Lane 5: W122F
second wash. Lane 6: W98F pure. Lane 7: W122F pure. Lane 8: W246F pure. Lane 9: W248F pure. Lane
10: Benchmark Protein Ladder. The 4-20% Agarose gel was run at 150V for two hours in 1X Tris Glycine
buffer. It was visualized using SimplyBlue.
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Supplemental Figure 2.2 W122_246F SOSPAGE. Lane 1: MW marker. Lane 2: Crude W122_W246F. Lane
3: Wash one. Lane 4: Wash two. Lane 5: Wash three.
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Supplemental Figure 2.3 W78F, W263F, and W122_246F SDSPAGE: Lane 1: MW marker. Lane 2: Wash
one of W78F. Lane 3: Wash three of W78F. Lane 4: Pure W78F. Lane 5: Wash one of W263F. Lane 6:
wash three of W263F. Lane 7: Pure W263F. Lane 8: Pure Wl22_W246F.
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Supplemental Figure 2.4 W246_248F SDSPAGE MW marker, Simple Blue. Lane 1: Crude sample
W246_248F. Lane 2: Was one sample W246_248F. Lane 3: Wash three sample W246_248F. Lane 4: pure
W246_248F sample. 4-20% Tris Glycine gel run in tris glycine buffer at 150V for two hours.
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Appendix C: Plasmid DNA Absorbance Spectra
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Supplemental Figure 3.1 W98F: Abs at 280nm, 0.205 absorbance units
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Supplemental Figure 3.3 W246F: Absat 280m, 0.396 absorbance units
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Supplemental Figure 3.5 W78F. Abs @ 280nm, 0.275 absorbance units
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Supplemental Figure 3.6 W263F. Abs @ 280nm, 0.303 absorbance units
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Supplemental figure 3.7 W122_246F Sample 1: Abs @ 280nm = 0.13 absorbance units
J
I
0.6'1
~ I~
0.4-1/ ..kiII 11,\
I, \, \
0.211 \
0.0 -I!ri..._:·~~~_~~=~-=~:__~r-~~----~-_._- -
I I -------1--------,---------..,
200 300 400 500 600 700 800
Wavelength [nm]
Supplemental figure 3.8 W122_246F Sample 2: Abs @ 280nm = 0.146 absorbance units
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Supplemental figure 3.9 W122_W246F Sample 3: Abs @ 280nm = 0.153 absorbance units
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Supplemental figure 3.10 W246_248F sample 1 Abs @ 280nm = 0.362 absorbance units
1.0 -
0.6
0.8
<A
.0
<t:
0.4- f\. Il\j/,
I ~j \0.2- I \
I \
0.0- J .--------------------------
~I I_'_--r------1---' --,
200 300 400 500 600 700 800
Wavelength (nm)
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Appendix D: DSF Thermal stability assays
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Supplemental Figure 4.4 W248F Melt Curve and First Derivative. TM= 39.5 +/ - 1°(
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Appendix E: FRET Simulation Graphs
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Supplemental Figure 5.1 Chart of the absorbance/ emissions of tryptophan and absorbance/
emissions of phenylalanine. The program PhotoChemCad2.1 could not perform a simulated FRET
interaction between the two residues, regardless of proximity, angle, and other parameters.
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Supplemental Figure 5.2 Chart of the absorbance/ emissions of tryptophan and absorbance/
emissions of tyrosine. The program PhotoChemCad2.1 could not perform a simulated FRETinteraction
between the two residues, regardless of proximity, angle, and other parameters.
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Supplemental Figure 5.3 Chart of the absorbancel emissions of tyrosine and absorbancel emissions of
tryptophan. The program PhotoChemCad2.1 could not perform a simulated FRETinteraction between
the two residues, regardless of proximity, angle, and other parameters.
